Abstract: Distal parts of the fish intestine were analyzed for presence of bifidobacteria and lactobacilli using selective agars. Seventy seven samples from Cyprinus carpio, Oncorhynchus mykiss, Carassius auratus, Tinca tinca, Perca fluviatilis, Rutilus rutilus, Scardinius erythrophthalmus, Oreochromis niloticus, and Squalius cephalus were collected randomly throughout years 2008 and 2009. Bifidobacteria were detected in 5 samples from 4 fish species at counts 2.18-4.29 log CFU/g, lactobacilli were present in 6 fish species at counts 1.21-3.65 log CFU/g. Seven bifidobacterial isolates were identified to the species level using biochemical tests and by sequencing of 16S rRNA gene. Three strains belonged to species B. longum, two isolates were identified as B. dentium, one strain as B. asteroides and one isolate was not determined to the species level by employed methods. As identified bifidobacterial species are considered to be of human, animal or honeybee origin, they probably derived as contamination from sewage or other sources. After further more detail testing, the possible use of isolated bifidobacteria as probiotics is promising since they were able to pass through the digestive tract successfully.
Introduction
A beneficial effect of probiotic bacteria (especially bifidobacteria and lactobacilli) in humans and livestock has been widely documented and reviewed by Gaggía et al. (2010) . Application of probiotics in aquaculture is a relatively new concept anticipated to replace antibiotic feed additives. Antibiotics are effective in diseases protection but their usage led to the emergence of antibiotic resistant bacteria (Akinbowale et al. 2006) . The most respected definition of probiotics formulated by Fuller (1989) were modified in respect to aquatic environments as "a live microbial adjunct which has a beneficial effect on the host by modifying the host-associated or ambient microbial community, by ensuring improved use of the feed or enhancing its nutritional value, by enhancing the host response towards disease, or by improving the quality of its ambient environment" (Verschuere et al. 2000) . This definition is supported by studies on aquaculture demonstrating facilitating feed utilization and digestion by enzyme production (Ramirez & Dixon 2003) , stimulation of immune system (Gullian et al. 2004) , inhibition of pathogens (Balcázar et al. 2007) , increasing larval survival and growth (Venkat et al. 2004) and improving water quality (Gatesoupe 1999) .
When probiotics are used in various animals, their ability to colonize the host intestinal tract is believed to be essential. To increase the chance of colonisation, it is recommended to use strains originally isolated from the intestine of species for which probiotics are designed. Sugimura et al. (2011) demonstrated that carp-origin lactic acid bacteria (LAB) (two strains of Lactococcus lactis and one strain of Carnobacterium sp.) are highly adhesive to mucus under in vitro conditions and were found to survive well and grow in the carp intestine. LAB seem to be good probiotic candidates for fish because they are naturally present in fish gut. Genera of LAB often isolated from fish include Lactobacillus, Lactococcus, Enterococcus, Leuconostoc, Carnobacterium, Enterococcus and Vagococcus (González et al. 2000; Hagi et al. 2004; Perez-Sanchez et al. 2011) . Also, LAB of non-fish origin were tested as probiotics in aquaculture (Kesarcodi-Watson et al. 2008) . There is only one study reporting usage of bifidobacteria in aquaculture. Itami et al. (1998) demonstrated an immunostimulatory effect of peptidoglycan derived from Bifidobacterium thermophilum in shrimps. However, to our knowledge, there is no information about usage of bifidobacteria in fish. Since bifidobacteria are one of the major probiotics for humans and terrestrial animals, their industrial production technology is well developed, producing relatively cheap feed additives. Follow- ing these technological and economical assumptions, bifidobacteria can be considered as suitable candidates to be tested for implementation in aquaculture.
Hence, the aims of this study were to analyse intestinal tracts of several freshwater fishes for presence of bifidobacteria and lactobacilli and to identify isolated bifidobacterial strains to choose potential new probiotic candidates for fish.
Material and methods

Sampling strategy
In total 77 randomly collected samples were obtained from 9 different freshwater fishes, namely Cyprinus carpio L., 1758, Oncorhynchus mykiss (Walbaum, 1792), Carassius auratus (L., 1758), Tinca tinca L., 1758, Perca fluviatilis L., 1758, Rutilus rutilus (L., 1758), Scardinius erythrophthalmus (L., 1758), Oreochromis niloticus (L., 1758) and Squalius cephalus (L., 1758) throughout years 2008 and 2009 in a temperate zone. Fishes originating from both aquaculture and natural environment were collected in an opportunistic way (for details see Table 1 ). Fishes were stunned and bled from the intersected gill arches then dissected and distal parts of the intestine were removed. Representative sample of intestinal content was transferred to the WilkinsChalgren broth (Oxoid) prepared using roll-tube technique and immediately analysed.
Bacterial counts
The samples were serially diluted in the Wilkins-Chalgren broth (Oxoid) under anaerobic conditions. Media were prepared by the roll-tube technique with oxygen-free CO2. Appropriate dilutions were transferred to sterile Petri dishes, which were immediately filled with the media for bifidobacteria, lactobacilli and total anaerobes. Bifidobacteria were enumerated and isolated using modified Wilkins-Chalgren agar (WSPmup; Oxoid) supplemented with soya peptone
glacial acetic acid (1 ml L −1 ) according to Rada & Petr (2000) . For the detection of lactobacilli Rogosa agar (Oxoid) was used and total anaerobic bacteria were determinate by Wilkins-Chalgeren agar (Oxoid). Bifidobacteria and anaerobic bacteria were cultivated in anaerobic jars (Anaerobic Plus System, Oxoid) at 37
• C for 3 days. Petri dishes with Rogosa agar were incubated at 37
• C for 3 days in microaerophilic conditions.
Total bacteria in intestinal samples were also determined by fluorescence in situ hybridisation (FISH) kit (BioVisible, The Netherlands) by fluid method according to the manufacturer's instructions. FISH probe was labelled by fluorescein isothiocyanate (FITC). After the hybridization at 50
• C, the samples were analyzed with a Nikon E-800 epifluorescence microscope and LUCIA 5.10 software (Laboratory Imaging, Czech Republic).
Bacterial characterization and identification
Typical colonies from WSPmup and Rogosa agar were isolated and identified to the genus level. Isolates from WSPmup were identified as bifidobacteria by demonstration of fructose-6-phosphate phosphoketolase activity, genusspecific PCR and the bifidobacteria-specific FISH probe (BioVisible, The Netherlands) according Vlková et al. (2005) . The identity of lactobacilli isolated from Rogosa agar was confirmed by Gram staining and lacotobacilli-specific FISH probe (BioVisible, The Netherlands) by glass method.
Strains classified as bifidobacteria (Table 2) were characterised using an API 50 CHL, API ID 32 A Rapid tests (BioMérieux, France) and identified to the species level by the computer program Bacter (http://www.corrigeenligne. com/Identification/).
DNA for molecular analysis was isolated from the bacterial cells according to the standard procedure for Grampositive bacteria (DNeasy Blood & Tissue Kit, Qiagen, USA). Strains were clustered after RAPD-PCR amplification, which was performed using the primers 103 (5' GTG ACG CCG C 3'), 173 (5' CAG GCG GCG T 3') as described by Sakata et al. (2002) . The 16S rRNA gene was amplified using primers fD1 (5' CCG AAT TCG TCG ACA ACA GAG TTT GAT CCT GGC TCA G 3') and rP2 (5' CCC GGG ATC CAA GCT TAC GGC TAC CTT GTT ACG ACT T 3') (Weisburg et al. 1991) . PCR amplification was performed in 25 µL reaction volumes containing 12.5 µL Combi ppp Master Mix (Top-Bio, Czech Republic), 50 pmol of each primer and 50 ng of DNA template. The PCR profile carried out on the MJ Mini TM thermocycler (Bio-Rad, USA) started with 5 min period of initial denaturation at 95 • C for 7 min. PCR products were purified and sequenced by Macrogen, Korea with additional usage of universal primers 518F (5' CCA GCA GCC GCG GTA ATA CG 3') and 800R (5' TAC CAG GGT ATC TAA TCC 3') (Lane 1991) .
Sequences were compared with the on-line GenBank (NCBI) nucleotide database using the BLASTn program. Results of the search were used to identify isolates to the species level. Identification results that showed both maximal percentage of sequence overlap (%O) and maximal percentage of overlap similarity (%S) and confirmed by appropriate literature citation were considered as relevant (Table 3).
Results
Bacterial counts
Bifidobacteria were detected only in 5 samples (CC/2, CC/3, OM/1, CA/1, PF/1) from 4 fish species (Cypri- 
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RAPD profile of bifidobacteia isolated from intestinal tract of fish generated with primers 103 (A) and 173 (B). M -DNA marker is MassRuler DNA Ladder; Mix ready-to-use Fermentas, Burlington, Canada). 1 -CC/2; 2 -CC/3; 3 -OM/1; 4 -CA/1A; 5 -CA/1B; 6 -PF/1A; 7 -PF/1B (for description of the strains see Table 3 ).
nus carpio, Oncorhynchus mykiss, Carassius auratus, Perca fluviatis) at counts of 2.18-4.29 log CFU/g (Table 2). Lactobacilli were present in 8 sampling groups (CC/2, CC/5, OM/2, OM/4, CA/2, TT/2, RR/1, ON) of 6 species (Cyprinus carpio, Oncorhynchus mykiss, Carassius auratus, Tinca tinca, Rutilus rutilus, Oreochromis niloticus) at counts of 1.21-3.65 log CFU/g. Total bacterial numbers detected by cultivation varied between 4.06 and 8.23 log CFU/g. The data obtained by cultivation and FISH did not significantly differ (P < 0.05). Values lower than 6 log CFU/g were not determined by FISH (Table 2) because of the detection limit of this method which is 6 log CFU/g.
Bacteria identification
Selectivity of Rogosa agar was confirmed by the genus identification of bacteria isolated from the agar. All stains were identified as lactobacilli. Bacteria isolated from WSPmup medium were identified as bifidobacteria only in 5 samples. Seven bifidobacterial strains with different morphology were identified to the species level (Table 3) . Strain CC/2 form C. carpio belonged to the species B. animalis determined by Bacter program, amplification of 16S rRNA gene was not successful in this strain. The second isolate (CC/3) from C. carpio obtained during other sampling was identified as B. longum by Bacter but it was not confirmed by sequencing, strain showed similarity with B. asteroides. The results of identification by both methods were consistent in the rest of the isolates. Strain OM/1 from O. mykiss belonged to species B. longum. As B. longum were identified also strains CA/1A and CA/1B from C. auratus and bifidobacteria PF/1A and PF/1B from P. fluviatis were classified as B. dentium.
RAPD-PCR profiles (Fig. 1 ) of both strains isolated from C. auratus are identical; the same for bifidobacteria isolated from P. fluviatilis. Strain B. longum OM/1 isolated from O. mikkis showed different RAPD-PCR profiles than B. longum CA/1A and CA/1B isolated from Carassius auratus. Also bifidobacteria isolated from C. carpio did not result in identical profiles.
Discussion
It is known that resident microflora plays an important role in host health and physiology and it was reported that some lactic acid bacteria isolated from the intestinal tract of fish can act as probiotics (Kesarcodi-Watson et al. 2008 ). Lactobacilli and bifidobacteria are often used as probiotics in human food and animal feed. In this study we were observing the presence of these genera in the fish intestine aimed to isolate new strains for further study which should result in potential new probiotics for aquaculture. Lactobacilli were present in 8 sampling groups from 6 fish species in maximum counts of 3.65 log CFU/g. When present they formed a minor group of total bacterial flora. Total viable counts ranged between 4.06 and 8.99 log CFU/g. In some samples, by the FISH method total counts were not determined. The reason probably lies in FISH detection limit (approximately 10 6 CFU/g). When total bacteria were determined by both methods, their numbers were in line and no statistical significant differences occurred. Our findings correspond with results of Spanggaard et al. (2000) who examined rainbow trout intestines. Authors reported that total viable counts on Tryptone soya agar varied from 3 to 8 log CFU/g and are in correlation with total microscopic counts after DAPI straining, indicating that cultivable microorganisms dominated in the microflora. Total viable counts determined by Hagi et al. (2004) in the intestinal tract of four freshwater fish species were less variable (6-9 log CFU/g) and dependent on water temperature. LAB counts varied between 5 and 7 log CFU/g but lactobacilli were determined only in one sample of Carassius cuvieri (Temminck et Schlegel, 1846) . In our study, lactobacilli were found in the intestine of C. carpio, O. mykiss, C. auratus, T. tinca, R. rutilus and O. niloticus.
Our present study is the first report on the occurrence of bifidobacteria in fish gut. Bifidobacteria were found in low counts and only within five samples in four fish species. They were isolated from two intestinal samples of C. carpio at counts of 3.11 and 2.66 log CFU/g and were identified by the Bacter program as B. animalis (CC/2) and B. longum (CC/3), respectively. Identification reliability of strain CC/1 is only 69.35 % and sequencing of 16S rRNA gene failed, therefore the result cannot be considered as reliable. Strain CC/3 was classified by sequencing as B. asteroides, a species considered as of honeybee origin (Russell et al. 2011 ). This is not in accordance with Bacter results. However, sequencing seems to be the more advisable method for identification, since the program Bacter was developed mainly for the classification of human origin bifidobacteria and can be therefore less suitable for identification of bifidobacteria from other sources.
In one sample of O. mykiss bifidobacteria were found at counts of 3.50 log CFU/g. The strain OM/1 isolated from the same sample was identified as B. longum by both methods. Two strains of B. longum (CA/1A and CA/1B) were isolated also from C. auratus, bifidobacteria reaching counts 2.18 log CFU/g in this sample. Generally, fingerprinting techniques allow the differentiation to the strain level. RAPD-PCR profiles of B. longum OM/1 differ from those obtained from strains B. longum CA/1A and CA/1B. The highest bifidobacteria counts were found in one intestinal sample originating from P. fluviatilis (4.29 CFU/g) and both isolates (PF/1A and PF/1B) were identified as B. dentium by biochemical tests as well as by 16S rRNA gene sequencing. Also RAPD-PCR profiles were identical. The typical habitat of B. dentium is the human oral cavity and intestinal tract. B. longum ssp. longum and ssp. infantis are considered to be of human origin, B. longum ssp. suis is believed to be typical for the pig intestinal tract (Russell et al. 2011) . Because bifidobacteria were detected occasionally and in low counts in examined fish intestinal samples and species identified are considered as of human, animal or honeybee origin, we suppose that bifidobacteria were present only as environmental contamination from the water where fish stayed. Our conclusion is supported also by findings of Gavini et al. (1991) who reported that Bifidobacterium species may be present in sewage or river water. They identified the isolates by API system and clustered by numerical analysis into groups with human, dog, pig, ruminant or rat bifidobacteria. It is well known, that intestinal flora composition of fish is highly variable and it is influenced by many factors, e.g. species, environment, season, feeding etc. (Cahill 1990) . Nevertheless, the strains isolated from examined fish were found in distal parts of the gut suggesting that they were able to pass the digestive tract successfully, which is one of the most important probiotic features.
In conclusion, bifidobacteria were detected occasionally in fish samples and the identification results indicate contamination from environment. Even so their possible use as probiotics is promising since they were able to pass the digestive tract due to their appearance in distal part of the fish guts. This feature enhances the chance of colonization which can be evaluated as an advantage when selecting probiotics. However further studies are necessary to make final conclusion on the use of isolated bifidobacteria as probiotics in aquaculture.
